Abstract. An organic Mott insulator, -(BEDT-TTF) 2 ICl 2 , is metallized by application of extremely high pressure up to 9.0GPa. When the metallic state is stabilized, superconductivity with the highest transition-temperature (T c ) among organic systems appears. The maximum T c that we observed was 14.2K(onset) at 8.2GPa. A magnetic-field effect on this superconductivity and normal-state properties are discussed in terms of comparison with other organic superconductors.
INTRODUCTION
The -(BEDT-TTF) 2 X family includes several ambient-pressure superconductors with X=I 3 (T c =2.0 or 8.1K), IBr 2 (T c =2.7K) and AuI 2 (T c =4.9K) [1] . On the other hand, the salt with X=ICl 2 is an antiferromagnetic insulator with T N =22K [2] [3] . The crystal structure of the ICl 2 salt is slightly modified from the -type and is called -(BEDT-TTF) 2 ICl 2 [4] . This structural change strongly affects the BEDT-TTF conducting system. Unlike the -salt with a 2D closed Fermi surface, the ICl 2 salt has a pair of warped open Fermi surfaces, as shown by the band structure calculation [4] . It is considered that the insulating behavior is due to the effect of the Coulomb interaction. Indeed, the calculation of the intermolecular transfer integrals shows that the electronic dimerization of the molecules, which is considered to strengthen the electron correlation [5] , is considerably enhanced with the structural change from -type to -type [4] . In addition, the commensurate spin structure with the lattice in the antiferromagnetic state was observed in the 13 C-NMR [6] . These facts indicate that this insulating state originates from the electron correlation; namely, it is the Mott insulating state.
Since the pressure, in general, weakens the electron correlation, which is characterized by the relative magnitudes of the on-site Coulomb energy and the bandwidth, even stiffly localized electrons in the Mott insulator will itinerate eventually under high pressure. Upon this concept, in order to metallize this organic Mott insulator, we have performed the electrical resistivity measurement with the cubic anvil press, which makes it possible to measure the resistivity under high pressure in the range of 2.0-10.0GPa. Although there are only a few studies, including our previous work on the -(BEDT-TTF) 2 X salts [7] , on the BEDT-TTF-based complexes under such extreme pressure, the resistivity of the ICl 2 salt has been successfully measured up to 9.0GPa with good reproducibility. While we have already reported the appearance of superconductivity and its pressuretemperaturephase diagram in a previous paper [8] , here we present the magnetic-field effect on this superconductivity and normal-state properties.
EXPERIMENTAL
Single crystals of -(BEDT-TTF) 2 ICl 2 were grown electrochemically [9] . The electrical resistivity under ambient and ultra-high pressures in the range of 0-9.0GPa was measured by the standard fourprobe method with dc current parallel to the crystallographic c-axis within the conducting plane. After four Au wires of 25 m in diameter were attached to a sample with carbon paste, the sample was inserted into a Teflon cell, filled with a mixture of Fluorinert FC-70 and FC-77 (1:1) as a pressuretransmitting medium, with a inner diameter of 1.5mm. The cubic-shaped Pyrophylite that plays the role of the gasket surrounds this Teflon cell and was set to the center of the anvils. The pressure from the six anvils is nearly hydrostatic and is kept constant during heat cycles. This pressurising system is capable of pressure up to 10GPa. More details of the apparatus were given in ref. 8 and therein. Figure 1 shows pressure dependence of resistivity of the ICl 2 salt. As shown in the Fig.1(a) , the insulating behavior is systematically suppressed with increasing pressure. Around 6.5GPa, the metallic temperature variation appears in a high temperature range followed by the low-temperature semiconducting behavior. At almost the same time, the sharp peak shows up in the low-temperature semiconducting variation. This peak structure is rapidly suppressed by elevated pressures with gradual increase of the peak temperature. Finally, the clear superconducting transition emerges below the normal metallic state at 8.2GPa.
RESULTS AND DISCUSSION

Emergence of superconductivity
We have investigated the resistive profiles at around 8GPa and have found that the T c reached a maximum value at 8.2GPa. The transition profile at this pressure is shown in Fig.1(b) . At this resistive transition, the onset T c is 14.2K, the midpoint T c is 13.4K, and zero-resistivity point is 12.0K. These values indicate that the ICl 2 salt is the superconductor with the highest T c among organics to date. 
Magnetic-field effect
In order to gain further information about present superconductivity, we performed the resistivity measurement under several magnetic fields normal to the conducting plane. The obtained resistive profiles are shown in Fig. 2(a) . With increasing magnetic field, the superconducting transition is systematically shifted toward a lower-temperature side. Observation of this behavior has proved more convincingly that the present resistivity decrease is the superconducting transition.
We determined the T c in each field and defined a H c2 (T) line by a set of T c (H) data. Figure 2 (b) shows the results for three kinds of definitions of T c . Temperature derivative of upper critical fields near T c was obtained as [dH c2 (T)/dT] Tc =0.58, 0.51 and 0.45T/K from the onset, midpoint, zeroresistivity-point data, respectively. Using these value and Ginzburg-Landau (GL) theory, the GL coherence length ξ // was estimated at 63 for onset, 71 for midpoint, and 81 for zero-resisitivty point. These are larger than 28±5 of -(BEDT-TTF) 2 In this section, we focus on the normal state properties of this organics. In general, organic conductors have a large thermal contraction, which originates from softness of their lattice. Therefore, if one measures some physical quantities as a function of temperature at ambient pressure, their temperature dependence turns out to be a complex function of temperature and volume. In such a situation, it is difficult to treat the observed temperature dependence of any physical properties theoretically. Indeed many of organic conductors show complicated temperature dependence of physical properties [1] . The present case is, however, expected to exclude such a problem. The metallic state of ICl 2 salt is achieved under extremely high pressure and therefore the crystal lattice there is expected to be as hard as that of the inorganic materials. Keeping this inference in mind, we discuss normal state behavior of the ICl salt. Figure 3(a) shows the resistivity data at 8.0GPa in linear scales. At first glance, the resisitivity seems to have almost linear dependence on temperature. In order to make a further analysis, we again plotted the resistivity data in logarithmic scales in Fig. 3(b) after subtracting the residual resistivity, 0 , from raw data. The data below 70K are well fitted by a linear function. This result means that the resistivity has a form of (T)= 0 +AT n with n=1.48. This lowtemperature power-low behavior is considered to be essential character of the present metallic state without the volume effect.
CONCLUSION
In conclusion, we have found that the ambient-pressure Mott insulator, -(BEDT-TTF) 2 ICl 2 , shows superconductivity under extremely high pressures above 7.0GPa. The observed T c , which reached 14.2K as an onset, renewed the previous records of the organics. While the size of the GL coherence length of the present superconductor is not so far from that of the -type organic superconductors, the normal-state resistive profile considerably differs from theirs. There is the possibility that the present power-law behavior of resistivity is intrinsic for general quasi-two-dimensional organic superconductors.
